This study presents results from field surveys performed in 2008 and 2009 in the southern Baltic in different seasons. The main goal of these measurements was to identify the empirical relationships between DOM optical properties and DOC. CDOM absorption and fluorescence and DOC concentrations were measured during thirteen research cruises. The values of the CDOM absorption coefficient at 370 nm a CDOM (370) ranged from 0.70 m −1 to 7.94 m −1 , and CDOM fluorescence intensities (ex./em. 370/460) I Fl , expressed in quinine sulphate equivalent units, ranged from 3.88 to 122.97 (in filtered samples). Dissolved organic carbon (DOC) concentrations The complete text of the paper is available at http://www.iopan.gda.pl/oceanologia/ 432 P. Kowalczuk, M. Zabłocka, S. Sagan, K. Kuliński ranged from 266.7 to 831.7 µM C. There was a statistically significant linear relationship between the fluorescence intensity measured in the filtered samples and the CDOM absorption coefficient a CDOM (370), R 2 = 0.87. There was much more scatter in the relationship between the fluorescence intensity measured in situ (i.e. in unprocessed water samples) and the CDOM absorption coefficient a CDOM (370), resulting in a slight deterioration in the coefficient of determination R 2 = 0.85. This indicated that the presence of particles could impact fluorometer output during in situ deployment. A calibration experiment was set up to quantify particle impact on the instrument output in raw marine water samples relative to readings from filtered samples. The bias calculated for the absolute percentage difference between fluorescence intensities measured in raw and filtered water was low (−2.05%), but the effect of particle presence expressed as the value of the RMSE was significant and was as high as 35%. Both DOM fluorescence intensity (in raw water and filtered samples) and the CDOM absorption coefficient a CDOM (370) are highly correlated with DOC concentration. The relationship between DOC and the CDOM absorption coefficient a CDOM (370) was better (R 2 = 0.76) than the relationship between DOC and the respective fluorescence intensities measured in filtered and raw water (R 2 = 0.61 and R 2 = 0.56). The seasonal cycle had an impact on the relationship between DOC and CDOM optical properties. The hyperbolic relationships between a CDOM (370) vs. carbon-specific absorption coefficient a * CDOM (370), and I Fl vs. the ratio of fluorescence intensity to organic carbon concentration I Fl /DOC were very good. The discharge and mixing of riverine waters is a primary driver of variability in DOC and CDOM optical properties in the surface waters of the southern Baltic Sea, since all the parameters considered are negatively correlated with salinity. It was found that there was a positive trend of increasing values of DOM optical parameters with salinity increase (within a range of 8-12) in deep water below the permanent pycnocline. Evidence is also presented to show that late-summer photodegradation was responsible for the depletion of CDOM florescence intensities in the mixed layer above the seasonal thermocline. It was further demonstrated that the DOC concentration increases in the stagnant waters of the Baltic Sea deeps. The Integrated Optical-Hydrological Probe, which registers high-resolution vertical profiles of salinity, temperature, CDOM and the optical properties of water, confirmed that DOM optical proxies can be used in studies of DOM biogeochemical cycles in the Baltic Sea.
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Introduction
The cycling of dissolved organic matter (DOM) is a key but as yet underdeveloped element of global climate models. Improvements in and the validation of global climate models depend on high spatial and temporal resolution of dissolved organic carbon (DOC) concentration data collected in the field. Identifying relationships between DOM optical properties and DOC concentrations and using optical signatures as proxies for DOC can increase the spatial and temporal resolution of field measurements of DOC distribution in the oceans, thus contributing to a better understanding of the global carbon cycle. The largest reservoir of organic carbon in the oceans is the Dissolved Organic Matter (DOM) (Hansell & Carlson 1998) . About 97% of all organic carbon in the sea is bound up in DOM, with an estimated 685 Gt as Dissolved Organic Carbon (DOC) (Hansell & Carlson 2001) .
CDOM is the primary absorber of sunlight and is a major factor determining the optical properties marine and oceanic waters. It also affects directly the availability and the spectral quality of light in aquatic environments. Moreover, the absorption of light by CDOM has an influence on both the inherent and apparent optical properties of seawater. Together with light absorption by pure water, phytoplankton pigments, organic and inorganic matter suspended in marine waters, and scattering processes, CDOM absorption shapes the spectral optical properties of sea water and light fields in water columns (Morel & Prieur 1977, Sathyendranath (ed.) 2000, Blough & Del Vecchio 2002) . This is why the optical properties of CDOM have been the subject of studies since the inception of ocean optics as a marine science discipline (Jerlov 1976) . CDOM absorption decreases exponentially towards longer wavelengths and can be described by the exponential equation (Kirk 1994) a CDOM (λ) = a CDOM (λ 0 )e −S(λ−λ 0 ) ,
where a CDOM (λ) is the absorption coefficient at wavelength λ, λ 0 is the reference wavelength and S is the slope coefficient (the exponential decrease of the absorption spectrum over a given wavelength range). These parameters describe CDOM quantitatively and can be used to estimate the entire absorption spectrum from equation (1) if absorption at the fixed (reference) wavelength and S are known. The fluorescent properties of CDOM have been known for a long time (Duursma 1965) , and fluorescence signals have been used to estimate CDOM in marine waters. Many investigators have observed a linear relationship between fluorescence and absorption (Ferrari & Tassan 1991 , Hoge et al. 1993b , Vodacek et al. 1997 , Ferrari & Dowell 1998 , Ferrari 2000 , and that between fluorescence intensity and the CDOM absorption coefficient was used to estimate the absorption of soluble material during in situ deployments of fluorometers on moorings, or with profiling probes or using lidar systems mounted on various platforms (e.g. Hoge et al. 1993a , Conmy et al. 2004 , Belzile et al. 2006 .
Interest in CDOM and its characterization has grown recently for several reasons: i) remote sensing of ocean colour is related to organic carbon cycling (Blough & Del Vecchio 2002) ; ii) possible interference with remote sensing measurements of chlorophyll as an indicator of primary productivity; iii) air-sea exchange of important trace gases, namely CO, CO 2 and COS; iv) the formation of reactive oxygen species and their potential impact on biological processes and geochemical cycling; v) as a tracer of riverine input of organic carbon to the ocean and carbon cycling in coastal waters; vi) the attenuation of ultraviolet light in surface waters. Quantitative descriptions of the dynamics and variability of CDOM optical properties are often required, particularly in coastal waters, in order to accurately predict light penetration and subsequently, for example, primary productivity.
Semi-analytical algorithms for estimating the inherent optical properties of sea waters from ocean colour satellite imagery produce values of chlorophyll concentrations together with CDOM and particulate absorption coefficients (Garver & Siegel 1997 . These algorithms are applied to produce maps at basin-wide scales and of the global distribution of CDOM absorption and its seasonal variability . The application of semi-analytical algorithms for observations of CDOM absorption by ocean colour imagery has also enabled explanations of the differences in chlorophyll a retrievals resulting from the application of empirical algorithms in various oceanic basins (Siegel et al. 2005b) , and thus, a reassessment of the principal theoretical assumptions of ocean optics (Siegel et al. 2005a ). In oceanic coastal areas and semi-enclosed seas, which are optically complex case 2 waters, empirical band ratio algorithms are often used to estimate CDOM absorption and its impact on light transmission through the water column in the UV and visible spectra (Kahru & Mitchell 2001 , D'Sa & Miller 2003 , Johannessen et al. 2003 , Kowalczuk et al. 2005 , Fichot et al. 2008 , Mannino et al. 2008 .
The application of ocean colour remote sensing to estimate CDOM optical properties together with models of their modification through photochemical reactions (Johannessen & Miller 2001) provides an opportunity to study CDOM mineralization over vast areas of oceanic basins (Bélanger et al. 2006 , Del Vecchio et al. 2009 ). These studies contribute directly to carbon cycle research calculations of CO 2 exchange between the ocean and the atmosphere.
In situ and remote sensing measurements of the optical properties of CDOM are relatively easy to perform, thus making use of CDOM absorption or fluorescence as a proxy for DOC concentration very attractive. Although CDOM contributes approximately 20% to the total DOC pool in the open ocean and up to 70% in coastal areas (Coble 2007 ), a direct link establishing a global relationship between CDOM and DOC has not yet been identified. CDOM is a complex mixture of heterogeneous organic compounds, each having individual optical properties. Therefore, the estimation of the universal bulk carbon-specific CDOM absorption coefficient a * CDOM (λ), defined as the ratio a CDOM (λ)/DOC, seems almost impossible (Woźniak & Dera 2007) . Another aspect that complicates a global DOC-CDOM relationship is that processes responsible for the production, decomposition and distribution of bulk DOC and CDOM components are decoupled in oceanic systems.
In oligotrophic subtropical gyres and central open ocean areas not in close proximity to terrestrial influence, there is a significant time phase shift between maximum DOC concentration produced by phytoplankton blooms and maximum CDOM absorption (Nelson et al. 1998 . Additionally, in surface waters, CDOM absorption is quickly diminished by intensive photobleaching (Vodacek et al. 1997 , Johannessen et al. 2003 . Below the mixing zone, there is usually an increase in CDOM absorption in contrast to the decrease in DOC levels (Nelson et al. 2007) . A strong correlation between both a CDOM (λ) and DOC exists only in areas where the variability of each parameter is controlled by the mixing of fresh and oceanic waters. Several studies have reported a good correlation between a CDOM (λ) and DOC in coastal areas (Green & Blough 1994 , Vodacek et al. 1995 , Ferrari et al. 1996 , Ferrari 2000 , Chen et al. 2002 , RochelleNewall & Fisher 2002a , Del Vecchio & Blough 2004 ). However, it was later demonstrated that the optical properties of CDOM are not conservative, and they change because of CDOM degradation processes such as photochemical reactions and bacterial grazing, which also lead to seasonal variability in a CDOM (λ) vs. DOC relationships in coastal oceans (Vodacek et al. 1997 , Rochelle-Newall & Fisher 2002a , Del Vecchio & Blough 2004 , Mannino et al. 2008 . These local and highly-variable relationships are valuable for studying carbon cycling in coastal areas because they permit the application of ocean colour remote sensing to capture synoptic DOC distribution at high spatial and temporal resolution (e.g. Del Castillo & Miller 2008 , Mannino et al. 2008 .
The empirical relationships between the optical properties of CDOM and DOC have already been the subject of investigation in the Baltic Sea (Nyquist 1979 , Ferrari et al. 1996 , Stedmon et al. 2000 , and the results published indicate their seasonal variation. These results are based on data collected during several field surveys that were generally conducted during one seasonal cycle. The main objective of the current study was to reassess these relationships over a longer observation period of at least two seasonal cycles, and to use commercial fluorometers to take in situ measurements of the dynamics of CDOM optical properties at a higher spatial and temporal resolution than is achieved with the traditional water sampling approach. An additional objective was to investigate the relationships between salinity, temperature, CDOM optical properties and organic carbon distribution based on data from traditional water sampling and high spatial resolution vertical profiles of these parameters registered with the Integrated OpticalHydrological probe to indicate potential areas of the sources and losses of both CDOM and DOC in the study area.
Methods

Study area
Conducted in the southern Baltic Sea, the study was based on measurements of 476 absorption spectra of CDOM, CDOM fluorescence and Dissolved Organic Carbon (DOC) concentrations collected for a research project focused on the spectral properties of CDOM absorption and fluorescence. were collected during 13 cruises in the southern Baltic Proper (Figure 1 ) in the months of February to May and September to November. Details of the cruises, including dates, number of stations sampled, parameters measured and the number of samples collected are presented in Table 1 . The geographical coverage of the samples included the Gulf of Gdańsk, the Pomeranian Bay, the Szczecin Lagoon, Polish coastal waters and the open sea (the Baltic Proper). The coastal sites in the Gulf of Gdańsk and the Pomeranian Bay are under the direct influence of two major river systems, the Vistula and the Odra, which drain the majority of Poland.
The Baltic Sea has high concentrations of CDOM that come from the high input of fresh water from a large drainage area and limited water exchange with the North Sea; thus, the optical effects of CDOM are particularly relevant in this area. The southern Baltic Sea is located in the temperate climatic zone. Maximum freshwater runoff occurs in April/May and coincides with the spring phytoplankton bloom, initiated by the stabilization of the water column and increased surface light. The fresh water carries both high concentrations of CDOM and substantial loads of inorganic nutrients. The nutrients enhance the spring bloom, and in combination with the CDOM, cause an increase in light attenuation. In the summer, local coastal upwelling events caused by Ekman transport, as well as periodic summer floods, affect the optical properties in the coastal zone and bays. In the winter, wind-driven mixing, the vertical thermohaline circulation, reduced biological activity and reduced riverine outflow all result in clearer surface waters (Sagan 1991 , Olszewski et al. 1992 , Kowalczuk 1999 . CDOM has a significant influence on the spectral properties of the apparent optical properties of Baltic Sea water. A high CDOM concentration causes a shift in the maximum solar radiation transmission towards longer wavelengths relative to clear oceanic water (Darecki et al. 2003 , Kowalczuk et al. 2005 ).
Optical properties of CDOM
Water samples for determining CDOM absorption, CDOM fluorescence and DOC concentration were collected at fixed depths with Niskin bottles. The majority of samples were collected from the photic zone. Water samples for CDOM underwent a two-step filtration process. The first filtration was through acid-washed Whatman glass fibre filters (GF/F, nominal pore size 0.7 µm). The water was then passed through Sartorius 0.2 µm pore cellulose membrane filters to remove fine-sized particles. Spectral absorption by CDOM was measured in the laboratory on board r/v 'Oceania' using a double-beam Unicam UV4-100 spectrophotometer with a 5-cm quartz cell in the spectral range of 200-700 nm. MilliQ water was used as the reference for all measurements. The absorption coefficient a CDOM (λ) was calculated using the following equation:
where A(λ) is the absorbance (optical density) and l the path length. Following the recommendation by Stedmon et al. (2000) , the spectral slope of the absorption spectrum S was calculated by applying the simple exponential model to fit the offset-corrected absorption spectrum in the spectral range 350 ≤ λ ≤ 550 nm for most of the samples collected. This method of spectral slope calculation is less dependent on the spectral range used. The short wavelength limit was applied to reduce the possible effect of absorption due to the presence of lignin sulphates (Nyquist 1979) , which is observed in some samples as a small bump in the spectral range 260-310 nm. In most cases the upper wavelength was between 550 nm and 600 nm. For wavelengths longer than 600 nm, the absorbance signal was usually low and the spectrum had lost its linear properties in the semi-logarithmic scale. The offset is the effect of residual scattering and was removed by subtracting the scattering component from the spectrum on the assumption that scattering is independent of wavelength. The average absorbance in the spectral range 650-700 nm, where the linear model was not obeyed, enabled assessment of this component, which was then subtracted from the whole spectrum.
CDOM fluorescence was measured with a MicroFlu-CDOM fluorometer (TRIOS GmbH, Germany), which is suitable for in situ measurements without the prior filtration of the water. The MicroFlu-CDOM fluorometer uses UV-LED in pulse mode as the excitation light source. The maximum of the excitation light spectrum is 370 nm. A small percentage of light is reflected by the dicroitic beam splitter and is used as the reference signal for calculating the excitation energy. The fluorometer excites samples of a small volume of water at the front of the optical window at a focal length of 15 mm. It uses a photo-diode with an interference filter as the light detector. The maximum emission of the light detector is set at 460 nm. Specially developed circuitry eliminates the influence of ambient light. The MicroFlu-CDOM fluorometer was calibrated by the manufacturer annually during the deployment period (2008) (2009) . The fluorescence intensity of the CDOM contained in the water samples was recorded in quinine sulphate equivalent units -QSE. This is an apparent unit that relates the intensity of CDOM to the fluorescence intensity of a standard compound with well-known fluorescence properties, which is usually a concentration of a solution of quinine sulphate dehydrate (Fluka 22640) in 0.05 M sulphuric acid in µg dm −3 . The following formula describes the principle of calibration of CDOM fluorescence intensity versus that of the quinine sulphate concentration:
where I s is the standardized fluorescence intensity in [QSE] , I CDOM is the fluorescence intensity of the CDOM sample, and the I qs is the fluorescence intensity of a given concentration of quinine sulphate solution. The MicroFlu-CDOM fluorometer was calibrated in two amplification modes: high -in the 0-20 QSE range, and low -in the 0-200 QSE range. The calibration curve is stored in the instrument's EPROM microprocessor, and the fluorometer readings are transmitted by telemetry cable in digital connection mode in two formats: raw counts and calibrated QSE values. The instrument has an alternative connection mode through a standardized analogue output socket. The signal is transmitted as DC voltage within a range of 0-5 Volts. The voltage can be converted to QSE units with the following formula: The CDOM fluorescence intensity measured in situ can be influenced by the presence of particles and other soluble compounds that can interfere with the excitation and emission of light on the optical path between the sample volume and the instrument optical window (Belzile et al. 2006) . In order to quantify the impact of particles on the CDOM fluorescence signal measured with the TRIOS MicroFlu-CDOM fluorometer, measurements were made before and after the water samples were filtered. The MicroFlu-CDOM fluorometer was deployed (from March 2008 until April 2009) on a specially designed calibration stand. Water samples were taken from the same Niskin bottle and one portion of unprocessed water was stored in a clean glass beaker, while the second was filtered with the same method described above for the spectrophotometric scans. The portion of filtered water was then placed in another clean glass beaker. The fluorescence of the unprocessed raw water and filtered water was measured for 3 minutes in each beaker in the calibration stand. The fluorometer was monitored with a computer via the power supply, and the telemetry monitoring unit was checked via a digital connection. The fluorescence intensities of raw and filtered water were stored in the data base for further statistical analysis.
In situ measurements of environmental variables, CDOM fluorescence and spectral attenuation and absorption
During field measurements in 2008 and 2009, temperature and salinity profiles were measured at each sampling station using a SeaBird SB47 CTD probe to collect information on the hydrological state of the marine environment.
In addition to collecting water samples for spectroscopic measurements in the laboratory of the inherent optical properties of the sea water, inherent optical properties were also measured in situ using an ac-9 plus (WETLabs Inc., USA) spectral attenuation and absorption meter. In situ measurements of the light absorption a and attenuation c were performed at wavelengths of 412, 440, 488, 510, 532, 555, 650, 676 and 715 nm. The instrument was calibrated in pure water and routinely checked for stability with air-readings. Air offset, temperature and salinity corrections were applied according to the manual. Since the ac-9 absorption signal needs correction for scattering, the so-called 'Zaneveld method' was applied, which assumes zero absorption for 715 nm (Zaneveld et al. 1995) .
From May 2009 onwards, the TRIOS MicroFlu-CDOM fluorometer and SeaBird SB47 CTD were coupled with the WETLabs ac-9 plus spectrophotometer, which functioned as the data integrator. The instrument setup, referred to as the Integrated Optical-Hydrological Probe, was fitted into one rig and connected by telemetry cable with the power supply and data transmission and control deck unit. The ac-9 plus and CTD water intakes were installed on the same horizontal plane as the optical window of the fluorometer. The signals from all the sensors were transmitted in real time via the telemetry cable to a laptop on board, where they were merged and synchronized along with their time stamps with WAP 4.25 software supplied by WETLabs Inc. USA. All of the signals were processed further using software written in the Matlab r environment. This had calibration procedures for all the sensors, and it merged all the measured geophysical parameters and calibrated values in physical units into a depth binned matrix. The Integrated Optical-Hydrological Probe was deployed as a profiling instrument to acquire the vertical distribution of optical parameters, salinity and temperature as functions of depth.
DOC concentration
Samples for DOC measurements were passed through 0.2 µm pre-cleaned membrane filters. A total of 40 ml aliquots of filtrate were acidified with 150 µl 0.1 M HCl and stored in the dark at 5 • C until laboratory analysis. These were done in a 'HyPerTOC' analyser (Thermo Electron Corp., The Netherlands) using UV/persulphate oxidation and non-dispersive infrared detection (Sharp 2002) . Measurements of each sample using the standard addition method (potassium hydrogen phthalate) were performed in triplicate. Quality control of DOC concentrations was performed with reference material supplied by Hansell Laboratory, University of Miami. The methodology ensured satisfactory accuracy (average recovery 95%; n = 5; CRM = 44 − 46 µM C; our results = 42 − 43 µM C) and precision characterized by a relative standard deviation (RSD) of 2%.
The carbon-specific CDOM absorption coefficients at two wavelengths -350 nm, a * CDOM (350), and 370 nm, a * CDOM (370) -were calculated as the ratio of the CDOM absorption coefficient at a given wavelength a CDOM (λ) to the DOC concentration (eq. (5)). The carbon-specific fluorescence intensity was defined in the same way as the carbon-specific CDOM absorption coefficient: the total fluorescence intensity was normalized by the DOC concentration:
Results
Seasonal variability of CDOM optical properties and concentration of Dissolved Organic Carbon
The CDOM absorption coefficient at 370 nm a CDOM (370) was chosen to describe changes in CDOM quantity. This wavelength is the maximum of the excitation band of the in situ CDOM fluorometer. The CDOM absorption spectrum slope coefficient S was used to differentiate CDOM pools. To assess the seasonal dynamics of CDOM optical properties and to compare the present results with published data records on CDOM in the Baltic Sea, this data set was split according to the criteria used by Kowalczuk (1999) .
The detailed descriptive statistics of the a CDOM (370), S and CDOM fluorescence intensity in raw and filtered water and DOC concentration are presented in Table 2 . The temporal and spatial changes of CDOM optical properties followed the well-established seasonal pattern described in previous papers (e.g. Kowalczuk 1999 , Kowalczuk et al. 2005 . The lowest mean value of a CDOM (370) was recorded in autumn-winter (average a CDOM (370) = 1.57 m −1 ), the highest mean value of a CDOM (370) in spring (average a CDOM (370) = 1.82 m −1 ). The range of variability of the CDOM absorption coefficient a CDOM (370) in the data set selected for this study was 0.70 − 7.94 m −1 , which was within the published range of the variability of the CDOM absorption coefficient in the Baltic Sea, after the appropriate spectral adjustments had been made (Kowalczuk 1999 , Kowalczuk et al. 2005 . The fluorescence intensity measured in both the raw and filtered water, and also the DOC concentration, followed the same temporal trend: increasing intensity and concentration in spring and a gradual decrease with the approach of the cold season. The temporal variations in the spectral slope coefficient S were different in the present study. The minimum of the average value of this coefficient was observed in the summer. The seasonal distribution of the carbon-specific CDOM absorption coefficient a * CDOM (370) was similar in all the seasons considered, and the average values of this parameter were almost invariant. This is easily explained by the seasonal distributions of a CDOM (370) and DOC, which have the same seasonal cycles. Both parameters had the highest values in spring, thereafter decreasing steadily towards the cold season; their ratio thus remained stable. On the basis of the results of the simple descriptive statistics, it can be concluded that this relatively small data set provides a good representation of the variations in CDOM optical properties in the study area, and can be regarded as statistically representative.
Relationships between CDOM absorption coefficient, CDOM fluorescence and Dissolved Organic Carbon concentration
In order to quantify the impact of particles on DOM-FL measured with the TRIOS MicroFlu-CDOM fluorometer, fluorescence intensities measured in filtered water vs. those measured in raw water were compared; 245 data pairs were recorded for both quantities. A thorough error assessment was performed by calculating the Bias, defined as the average difference between the fluorescence intensity measured in raw and filtered water, and the RMSE of the absolute difference (AD) and the relative percent difference (RPD) between fluorescence intensities measured in raw and filtered water. The relative percentage difference was defined as the ratio of the absolute difference to the fluorescence intensity measured in the filtered water multiplied by 100%. The value of the Bias calculated for AD was −1.67 QSE, and the RSME for the same parameter was 6.37 QSE. The Bias, which is a measure of systematic error, indicated that the presence of particles in the raw water would decrease the fluorescence intensity compared to the fluorescence intensities in the filtered water. The values of the Bias and the RSME calculated for RPD were −2.05% and 34.31% respectively. The Bias calculated for the absolute difference is low compared to the average fluorescence intensities of raw and filtered water, but the effect of particle presence could vary significantly, since, when the relative percentage difference was considered, it could be as high as 35%. The presence of particles would significantly reduce the performance of the in situ deployment of the MicroFlu-CDOM fluorometer in turbid water with low contents of dissolved organic material.
Regression analysis between the fluorescence intensities measured in the raw and filtered water was also performed to check the consistency of data distribution in both data sets. Figure 2a presents the distribution of the I Fl measured in the raw water vs. I Fl measured in the filtered water. The fluorescence intensity measured in the raw water follows the same trend linearly as that measured in the filtered water. The results of regression analysis are described by the equation
The Pearson correlation coefficient was R 2 = 0.98 and the determination coefficient was R 2 = 0.97; both slope coefficient and intercept were statistically significant at the I Fl filtered confidence level of p < 0.01, sample size All variables were fitted to the linear equation y = a × x + b, where x = aCDOM(370) or x = DOC respectively. Regression coefficients, Pearson's correlation coefficient R and coefficient of determination R 2 are significant at a confidence le2vel of p < 0.01.
because of the presence of suspended particles, by the residual fluorescence of the DOM adsorbed on particle surfaces, or by the fluorescence of organic matter contained in the tissues of organic particles. There was a strong linear relationship between fluorescence intensity and the CDOM absorption coefficient at the excitation wavelength a CDOM (370). Figure 3 shows the distribution of I Fl raw (Figure 3a) and I Fl filtered (Figure 3b) as a function of a CDOM (370). The empirical relationship between a CDOM (370) and I Fl filtered was better than the analogous empirical relationship between a CDOM (370) and I Fl raw . The possible influence of particles suspended in raw water could have diminished the values of the correlation coefficient and coefficient of determination calculated for the a CDOM (370) and I Fl raw relationship. Seasonal variability of the CDOM optical properties of a CDOM (370), I Fl raw and I Fl filtered influenced the results of the regression analysis of the statistical relationships between these parameters. Table 3 contains detailed results of the analysis of the linear regression between CDOM optical properties and DOC concentration that accounts for seasonal cycles. The population data analysed was dominated by samples collected in spring; therefore, the regression coefficients calculated for the spring data set are closest to those calculated for the whole data set. The slope coefficients in the relationships between a CDOM (370), I Fl raw and I Fl filtered were very similar in spring and summer; however, there were statistically significant differences in the intercept values caused by the smaller variability range of CDOM optical properties in summer as compared to those in spring. The differences in the values of Pearson's correlation coefficient and the determination coefficient between seasons could stem from different sample sizes in the data subsets. The set of coefficients that determines the empirical relationships between a CDOM (370), I Fl raw and I Fl filtered calculated for the autumn-winter data subset differed significantly from that presented above. The linear relationship between these parameters was characterized by significantly higher slope and intercept coefficients. Overall, high values of Pearson's correlation coefficient R and a high determination coefficient R 2 in the results presented suggest that fluorescence can be regarded as a proxy for the absorption coefficient in Baltic Sea waters, but seasonal variability should also be considered.
The linear relationships between DOC concentration and the CDOM optical properties of a CDOM (370), I Fl raw and I Fl filtered are presented in Figures 4 and 5. The relationship between DOC and a CDOM (370) had a higher Pearson's correlation coefficient and determination coefficient than did the linear relationship between fluorescence intensities measured in raw and filtered water. Like the relationships between a CDOM (370), I Fl raw and I Fl filtered , the relationship between DOC concentration and the fluorescence intensity measured in the filtered sea water was much better than the analogous empirical relationship between DOC concentration and fluorescence intensity measured in the unprocessed sea water.
Based on the regression coefficient presented in Table 3 Table 4 for details). The non-absorbing DOC fraction was 234.72 ± 15.82 µM C. The nonfluorescing DOC fraction was estimated at 238.16 ± 31.87 µM C for fluorescence measured in raw water and 254.83 ± 34.89 µM C for that measured in filtered water. The confidence intervals of estimation of the optically inactive DOC fraction for the respective regression equations overlap; this suggests that differences in estimating the non-absorbing and non-fluorescent DOC fractions are statistically insignificant. Therefore, fluorescence measured in situ could be regarded as an approximate proxy for DOC concentration. The concentrations of the optically inactive fractions of DOC calculated for the respective regression equations in the seasons were highest in spring and lowest in summer with intermediate values in autumnwinter. However, the seasonal confidence intervals of these estimates also increased; therefore the observed trend cannot be regarded as statistically significant. The only exception was the non-absorbing DOC fraction calculated for the summer relationship between DOC and a CDOM (370). The proportion of the optically inactive DOC fraction in the Baltic Sea is very high. The average proportion of the optically inactive DOC fraction in the Baltic Sea calculated for the whole data set was 62.5%. The proportion of the optically inactive DOC fraction changes from season to season: it was 63.5% in spring, 31.8% in summer and 58.4% in autumn-winter.
Relationships between carbon-specific CDOM absorption and carbon-specific fluorescence with a CDOM (370) fluorescence intensity
The values of the organic carbon-specific CDOM absorption coefficient a * CDOM (370) ranged within one order of magnitude from 0.0044 (Figure 6b ). Similarly, carbon-specific fluorescence intensities were plotted against the fluorescence intensity measured in raw and filtered water (Figure 6c,d) Table 5 for detailed results of the regression analysis). The hyperbolic function distributions suggest there is an asymptotic relationship between these parameters.
Relationships between CDOM optical properties and salinity
Previous studies of the distribution of CDOM optical properties in the Baltic Sea indicate that the CDOM absorption coefficient and fluorescence intensities are inversely correlated with salinity (Højerslev 1988 , 1989 , Kowalczuk & Kaczmarek 1996 , Ferrari & Dowell 1998 , Kowalczuk 1999 . The negative trends of CDOM optical properties and DOC concentration are presented in Figures 7. All of the relationships examined between CDOM optical properties and DOC concentration vs. salinity were statistically significant and had very high correlation coefficients (Table 5 ). The fluorescence intensity measured in both raw and filtered water was best correlated with salinity (inverse relationship); Pearson's correlation coefficient was R = −0.95 in both cases. The mixing of fresh and saline waters alone could explain up to 90% of the variability of the fluorescence intensity. The CDOM absorption coefficient a CDOM (370) is also inversely correlated with salinity: R = −0.89, R 2 = 80. The lower values of the correlation and determination coefficients could be the result of the much larger sample size used for the regression analysis. The linear relationship between salinity vs. DOC is statistically significant, although the correlation and determination coefficients calculated were the smallest in all of the relationships analysed. The input of DOC from terrigenous sources and its mixing with marine waters is the primary driver of DOC variability in the southern Baltic Sea. These processes could be responsible for 60% of the DOC variability in the marine environment, but there are certainly other non-linear processes that need to be included in the organic carbon budget, like the autochthonous production of DOC in the primary production process and the bacterial and photochemical mineralization of DOC. The intercept of the relationships of CDOM optical properties and DOC concentration vs. salinity could be regarded as a value characteristic of the terrestrial end member. The value of a CDOM (370) that could characterize fresh water is 6.62 m −1 , and the respective values of the fluorescence intensities are I Fl raw = 100.02 QSE and I Fl filtered = 111.12 QSE. The average DOC concentration characteristic of fresh waters is 621.36 µM C. There were some outliers from the general trend Figure 7) . Samples identified as outliers were examined thoroughly in terms of date, time, geographic location of sampling station and depth, and the prevailing hydrographic conditions at the sites where these samples were collected. All of these samples were collected in the Baltic Sea deeps of Bornholm, Gdańsk and Gotland at depths greater than 60 m below the permanent pycnocline separating the surface layer of low saline water that undergoes seasonal stratification and deep mixing from the stagnant deep waters that originate from the North Sea and are transported through the Danish Straits during episodic inflow events. 
412) ratio exhibited the lowest values in the mixed layer with monotonic increases towards the bottom. Therefore, it may be inferred that the variable contributions of absorbing particles, mainly of organic origin, to the absorption budget were responsible for the discrepancy between the depth distribution of I Fl raw and a − a w (412). The accumulation of particles above the seasonal thermocline during the algal growing period caused increases in the absorption coefficient. The absorption of light by CDOM decreased steadily because of its degradation in photochemical reactions and bacterial uptake (Vodacek et al. 1997) . Therefore, the production and accumulation of particles compensated for the loss of absorption by CDOM in the mixed layer. Below the mixed layer the contribution of particles was much smaller and decreasing, as indicated by falls in b − b w (412) and rises in the a − a w (412)/b − b w (412) ratio. Absorption was thus dominated by soluble compounds below the seasonal thermocline and the permanent pycnocline. Another pattern for the vertical distribution of CDOM fluorescence, absorption a − a w (412) coefficient, and scattering coefficient b − b w (412) is presented in Figure 9 . This figure illustrates the vertical distribution of the same geophysical variables with the same colour coding for them. These are the same variables as in those presented in Figure 8 , but measured at sampling stations in the Gulf of Gdańsk influenced by the fresh water plume from the River Vistula. The vertical profiles of the optical parameters closely follow the thermohaline structure of the water masses. The values of all the optical parameters were elevated in the shallow lenses of plumeinfluenced waters in which the salinity was below 6.8. The highest values of the optical parameters were measured in the least saline water, in which the salinity was around 4.5; these decreased with increasing salinity. Below the fresh water lenses, the absorption a − a w (412) increasing salinity in the same salinity range; however, differences between a − a w (412) vs. salinity were observed for individual casts. This could have resulted from the variable contribution of soluble and particulate material to the total absorption.
Discussion
Fluorescence is a radiometric quantity that can be measured easily in the laboratory, in situ, and from remote sensing platforms. There are reports of lidar systems on various airborne platforms being used for studying the spatial distribution of CDOM fluorescence (Reuter et al. 1986 , Hoge et al. 1993a , and of in situ deployments of single channel or multi-channel fluorometers (Conmy et al. 2004 , Belzile et al. 2006 . The deployment of portable fluorometers for in situ CDOM measurements must take into account the presence of particles in sea water that attenuate excitation and emit light on the path length between the excitation light source, the excited water volume and the emitted light detector. Organic particles, or inorganic particles coated with organic matter films, can also contribute to the emitted light signal. The interference of in situ measurements of CDOM fluorescence by particles was studied by Belzile et al. (2006) , who estimated a possible error in fluorescence signal retrieval of less than 4%. The current study was performed within a similar variability range of CDOM optical properties as those reported by Belzile et al. (2006) . However, the presence of particles in water can decrease the CDOM fluorescence signal by 35% relative to fluorescence measurements in filtered water. Although the relative difference between the fluorescence intensities measured in raw and filtered water is high, these two quantities are very well correlated, and correction factors can be applied based on empirical calibration. The empirical relationships between fluorescence intensities measured in raw and filtered water presented in the current study cannot be transferred easily to other water bodies because the composition of the soluble organic compounds comprising CDOM could be different; thus, the apparent quantum yield of CDOM fluorescence could also be different. Therefore, this procedure must be followed each time the fluorometer is deployed in a new environment.
DOM fluorescence in natural waters has been used as a proxy for the CDOM absorption coefficient, and results published in numerous reports from a wide range of aquatic environments, including the Baltic Sea, confirm the strong linear relationship between DOM fluorescence and dissolved absorption (e.g. Ferrari & Tassan 1991 , Hoge et al. 1993b , Green & Blough 1994 , Vodacek et al. 1995 , Ferrari & Dowell 1998 , Ferrari 2000 , Chen et al. 2002 , Del Vecchio & Blough 2004 . Typically, the CDOM absorption coefficient at excitation wavelengths (usually around 350 nm) is correlated with the integrated fluorescence signal normalized to water Raman scattering peaks (and sometimes standardized to quinine sulphate equivalents (QSE in ppb)) and are measured in collected and processed water samples with bench-top fluorometers. Published empirical relationships between the CDOM absorption coefficient and fluorescence intensity are derived from results of field data collected from various coastal, marine and estuarine environments in Europe, the American Atlantic and Pacific coasts (the published determination coefficients are usually higher than 0.9). The relationships between a CDOM (370), I Fl raw and I Fl filtered presented in the current study can be regarded as linear within the range of variability given here, and the values of the correlation coefficients were above 0.9 while those of the determination coefficients were slightly less than 0.9. The values of R and R 2 obtained in the current work are smaller than those reported by Ferrari & Dowell (1998) ; they were calculated for approximately the same sample size and seasonal distribution of samples collected. The only difference is that Ferrari & Dowell (1998) measured fluorescence using a bench-top spectrofluorometer. The current study indicates that there is significant seasonal variation in the regression coefficient between the CDOM absorption coefficient and CDOM fluorescence intensities. The regression coefficient values describing the slope and intercept of the linear relationship do not differ considerably in spring or summer but increase significantly in winter. In the previous work, Ferrari & Dowell (1998) reported seasonal variation in the CDOM fluorescence quantum yield (with the highest values in spring and the lowest at the end of summer), but the reported seasonal variability in regression coefficients calculated for the linear relationship between the CDOM absorption coefficient and fluorescence intensities was relatively small. The present results may well tally with the findings by Ferrari & Dowell (1998) ; however, direct comparisons are not possible since these authors did not include any data from the cold part of the year (autumn and winter).
In coastal areas where there is a significant supply of allochthonous organic matter from the land, and both CDOM optical properties and DOC concentration behave conservatively at local scales, it is possible to estimate DOC concentration with CDOM absorption, and a statistically significant correlation between CDOM optical properties and Dissolved Organic Carbon is usually observed. Based on these assumptions, relationships between CDOM optical properties and DOC concentration have been studied in various waters for the last three decades. There are numerous reports that indicate empirical relationships between CDOM optical properties and DOC concentrations in many coastal areas dominated by riverine discharge with statistically significant regression coefficients and high correlation coefficients (e.g. Nyquist 1979 , Vodacek et al. 1995 , Ferrari et al. 1996 , Del Castillo et al. 1999 . However, later publications indicate that the optical properties of CDOM are not conservative: they change because of CDOM degradation processes such as photochemical reactions and bacterial grazing, which also lead to seasonal variability in a CDOM (λ) vs. DOC relationships in the coastal waters of oceans (Vodacek et al. 1997 , Rochelle-Newall & Fisher 2002a , Del Vecchio & Blough 2004 , Mannino et al. 2008 . The data collected during the current study demonstrate that, despite the seasonal variation in linear relationships between a CDOM (370), fluorescence intensities and DOC concentrations, they can be used to observe DOC dynamics with reasonable accuracy. The correlation coefficients for the linear regression between a CDOM (370) and DOC were lower in value than those presented by Ferrari et al. (1996) ; in the current study the relationships derived were based on a much larger data set, which covered two seasonal cycles and have a much broader temporal distribution (data from autumn and winter are included).
The optically inactive fraction of DOC (both non-absorbing and nonfluorescent) is very high in the Baltic Sea, comprising an average of almost 62.5% of the total DOC fraction. The non-absorbing DOC fraction calculated from the inversion of linear regression equations for all the relationships analysed was within the 230-280 µM C range, depending on the season and the parameters used in the regression analysis. This is the same range of magnitude as that presented by Ferrari et al. (1996) (LTO method for DOC estimation). The average concentration of non-absorbing DOC is about three times higher than that reported in other oceanic coastal regions where the concentration of non-absorbing DOC is within the 50-100 µM C range (Vodacek et al. 1997 , Rochelle-Newall & Fisher 2002a , Del Vecchio & Blough 2004 , Mannino et al. 2008 . Similarly high values of the non-absorbing DOC fraction are reported by Ferrari (2000) for the a CDOM (355) vs. DOC concentration in the Rhine river plume. The current data indicate that higher optically inactive DOC concentrations are observed in spring with a decrease towards the end of summer. This concurs well with data presented in reports from the USA Atlantic coast (Vodacek et al. 1997 , Rochelle-Newall & Fisher 2002a , Del Vecchio & Blough 2004 , Mannino et al. 2008 , where the non-absorbing DOC fraction decreased in the mixing zone from about 80-90 µM C in spring to around 50 µM C in summer.
The carbon-specific CDOM absorption coefficients reported in this study were compared with those published in the literature after the conversion of DOC concentration units (from µM C into g m −3 ) and the spectral adjustment of the CDOM absorption coefficient. The average value and standard deviation of the carbon-specific CDOM absorption coefficient a * CDOM (370) was 0.0044±0.00202 m 2 mM −1 (for comparison with other studies, the average and SD values of the a * CDOM (350) -0.00662±0.00202 m 2 mM −1 are also presented). The average value of a * CDOM (370) was in the middle of the variability range reported for the carbon-specific CDOM absorption coefficients in Delaware and Chesapeake Bays on the east coast of the USA, and it was at least three times higher than typical values of this parameter noted in Atlantic coastal waters (Del Vecchio & Blough 2004 ).
The minimum values of a * CDOM (370) were almost twice as high as those reported by Del Vecchio & Blough (2004) in the Mid-Atlantic Bight. The values of a * CDOM (370) from the upper end of the variability range were lower than those reported for terrestrial CDOM end members noted in estuarine waters (e.g. Kowalczuk et al. 2010) . Values of the carbon-specific CDOM absorption coefficient observed in the Baltic Sea were also compared with those published by Carder et al. (1989) for fulvic and humic acids isolated from waters of the Gulf of Mexico. The lowest value of a * CDOM (450) (in m 2 g −1 ) in the current data set is an order of magnitude higher than the a * CDOM (450) value for isolated fulvic acids. Although of the same order of magnitude, the highest values of a * CDOM (450) in the current data set were close to values of the same parameter reported for isolated humic acids in the Gulf of Mexico. They were lower than the same values for specific absorption coefficients estimated for humic acids extracted from soils (Zepp & Schlotzhauer 1981) , and a * CDOM (370) was found to be almost invariant with season. A similar phenomenon is reported by Del Vecchio & Blough (2004) , who noted the stable seasonal distribution of a * CDOM (355) in the Mid-Atlantic Bight.
The a * CDOM (370) values increased with increasing values of a CDOM (370). The same trend was observed in the distribution of I Fl raw /DOC and I Fl filtered /DOC as in the function of I Fl raw and I Fl filtered respectively. The approximation of this trend used in the hyperbolic function was very good with R 2 = 0.91 in both instances. The hyperbolic approximation of the carbon-specific CDOM absorption and fluorescence intensity are presented in Kowalczuk et al. (2010) for the South Atlantic Bight, and they are plotted in Figure 6b for comparison. From the comparison of the distribution of a * CDOM (350) vs. a CDOM (350) in the Baltic Sea and the South Atlantic Bight one may infer that Baltic Sea DOM has much lower values of the carbonspecific CDOM absorption coefficient per absorption unit than that of the South Atlantic Bight. This could be explained by the very high contribution (nearly 63%) of non-absorbing DOC to the total DOC concentration in the Baltic Sea. The similar functional shape of the distribution of carbonspecific DOM absorption and fluorescence intensity observed in both regions leads to the conclusion that the hyperbolic relationship could be a universal function applicable in the modelling of a * CDOM (λ) and I Fl /DOC values in different coastal regions. The regression coefficient derived for hyperbolic approximations may be unique to a specific region; this will depend on the composition and individual contributions of the different water-soluble organics that comprise CDOM, and determine its bulk optical properties. The composition of the heterogeneous mixture of soluble organic compounds in the water depends on the quality and quantity of the precursory organic material comprising CDOM and its transformation in the aquatic environment through photochemical and bacterial reworking. To date, only a few reports have been published that provide information on the impact CDOM composition has on specific optical properties. The classic work by Carder et al. (1989) presents evidence that the carbon-specific absorption coefficient of the fulvic fraction of marine humus substances increased with increasing molecular weight, while the carbon-specific absorption coefficient of the humic fraction of the marine humus substances decreased with increasing molecular weight. They also proposed a model for calculating the bulk optical properties of CDOM based on the fulvic fraction, defined as the ratio between the concentrations of fulvic and humic acids. The extraction procedures and chemical analysis needed to calculate the concentrations of both fractions of humus substances in the marine environment are very difficult and extremely time consuming; therefore, the Carder et al. (1989) model was derived from a limited data base compiled from field observations. Fluorescence spectroscopy is a relatively simple and cost-efficient method for rapidly characterizing DOM composition. On the basis of DOM fluorescence Excitation and Emission Matrix data collected in the South Atlantic Bight, Kowalczuk et al. (2010) put forward a simple statistical model that explains the variation in a * CDOM (350) with changes in the fluorescence intensity ratios of specific DOM components derived from the PARAFAC model. They found that a * CDOM (350) values are largely controlled by the ratios of terrestrial humic-like components and protein-like components.
The bulk of DOC concentrations and their specific optical properties in the surface water of the Baltic Sea are controlled mainly by the inflow of dissolved organic matter from the land by rivers and its mixing with marine waters. The linear approximation of this process explains at least 80% of the variability in a CDOM (370) values, and 90% of that in fluorescence intensity. This agrees very well with the model by Kowalczuk et al. (2006) that predicts a CDOM (375) based on season, salinity and chlorophyll a concentration. According to the results of this model, mixing is the most important driver of a CDOM (375) variability; however, the contribution of chlorophyll a is important in summer during strong thermal stratification, especially in areas that are not under the direct influence of riverine plumes. Samples from the spring season, when riverine inflow into the Baltic Sea is at its maximum and thermal stratification is rather weak, are the most numerous in the current data set. This could explain the excellent relationships of the CDOM absorption coefficient and fluorescence intensity with salinity. The DOC concentration reported in the current paper is within the range of DOC variability reported by Kuliński & Pempkowiak (2008 , and the references therein). The primary source of organic carbon in the Baltic Sea is the input of terrestrial Dissolved Organic Matter discharged to this region with riverine waters (Pempkowiak & Kupryszewski 1980) , and this could explain the high proportion of optically inactive DOC in the total DOC concentration. The current data suggest that the mixing of terrestrial DOC in the marine environment explains just 61% of the DOC concentration variability in the study area. Kuliński & Pempkowiak (2008) propose a model that estimates DOC variability in the southern Baltic Sea in spring based on organic matter derived from river runoff and zooplankton activity as well as that released from phytoplankton cells. Their model explains 78% of the variability in the DOC pool, which indicates that other sources and sinks of DOC must be taken in to account, for example, the flocculation of riverine DOM in the salinity gradient at the hydrological front (Grzybowski & Pempkowiak 2003) , photochemical degradation (Grzybowski 2000 and and bacterial uptake (Ochocki et al. 1995) .
With the Integrated Optical-Hydrological Probe used to acquire highresolution vertical profiles of inherent optical properties, temperature, salinity and CDOM fluorescence enabled the measurable effects of some processes influencing DOC distributions in different layers in Baltic Sea waters to be recorded. The depletion of the fluorescence intensity in the upper mixing zone (see Figure 8 ) could be regarded as evidence for the photochemical decomposition of DOM and possible DOC mineralization in the mixing zone above the seasonal thermocline in open Baltic Sea waters. This effect would not be apparent with ac-9 measurements alone because of the masking effect of particulate absorption. Although CDOM plays a dominant role in the absorption budget in the Baltic Sea (Kowalczuk & Darecki 1998) and could contribute up to 80% of the total absorption coefficient in blue light, the absorption coefficient a − a w (412) cannot be regarded as an approximate proxy of a CDOM (λ) because the contribution of CDOM absorption to the total absorption is temporally and spatially variable. Simultaneous measurements of the spectral absorption coefficient and fluorescence intensity, together with the derived empirical relationship between a CDOM (370) and I Fl raw should enable the partitioning of the a − a w (λ) coefficient into the contributions of the major optically significant sea water constituents to the total absorption coefficient. This could also be achieved with simultaneous casts of two ac-9 instruments, one equipped with 0.2 µm maxicapsule filters attached to the water intake and one without filters. This method was applied successfully by Boss et al. (2001) and Twardowski & Donaghay (2002) in measurements of spatial and temporal variations in the absorption of dissolved material in the Atlantic and Pacific Oceans off the east and west coasts of the USA. Twardowski & Donaghay (2002) also report the effect of CDOM photodegradation in the mixed layer based on direct in situ measurements and put forward a statistical model to quantify this effect. This approach is not readily applicable in Baltic Sea waters, however, because of the high concentrations of suspended solids that clog filters.
Qualitative analysis of the vertical profiles of the inherent optical properties and physical properties of sea water acquired with the Integrated Optical-Hydrological Probe also permitted a significant source of DOC to be identified in deep Baltic Sea waters below the permanent pycnocline. It is unlikely that DOC was transported along with these water masses originating from the North Sea. DOC measurements in the current data base obtained in the Skagerrak and Kattegat indicate that concentrations seldom exceeded 200 µM C, which is the baseline concentration in the Baltic Sea. It is very likely that elevated DOC concentrations in Baltic Sea deeps are produced locally during the bio-chemical or microbial decomposition of particulate material precipitating from the mixed layer. The role of the bacterial production of CDOM has been explained by the conceptual model proposed by Rochelle-Newall & Fisher (2002b) . Another source of DOC and optically active DOM in Baltic Sea deeps could be diffusion from bottom sediments. Skoog et al. (1996) report increased fluorescent DOM flux through the sediment-water interface in the deep water of Gullmar Fjord, Sweden, during anoxic conditions. Rochelle-Newall et al. (1999) also observed increased CDOM production in anoxic sediments. Such conditions are very frequent in the Baltic Sea deeps. This conclusion concurs with the recent study by Kuliński (2010) , who estimated the return carbon flux from bottom sediments of Baltic Sea deeps to the water column at 25-32% of the organic carbon that is currently deposited there. The majority of this flux is related to inorganic carbon forms; however, from 5% to 9% (11.3 moles DOC m −2 a −1 , on average) of the total return carbon flux could be attributable to DOC.
Conclusions
Over two years of intensive field surveys, the applicability of a small, commercially-available fluorometer was successfully tested for in situ measurements of CDOM fluorescence intensity. The impact of suspended solids on the measurement accuracy of CDOM fluorescence intensity was assessed, and an empirical formula to correct CDOM fluorescence intensity readings measured in situ to the corresponding CDOM fluorescence intensity values of dissolved organic material was derived. The fluorescence correlated very well with the CDOM absorption coefficient a CDOM (370). Fluorescence can be regarded as a CDOM absorption proxy, and empirical relationships are presented enabling CDOM absorption to be estimated from fluorescence intensities measured in situ. Both fluorescence and the CDOM absorption coefficient correlated well with the DOC concentrations; it was therefore possible to estimate DOC concentrations using optical instrumentation. The variability of the CDOM carbon-specific inherent optical properties is discussed and a statistical model that could be useful for estimating these parameters in the Baltic Sea is proposed. With the use of the Integrated Optical-Hydrological Probe for acquiring high-resolution vertical profiles of inherent optical properties, temperature, salinity and CDOM fluorescence, the effects of CDOM degradation and DOC mineralization in the mixed layer to be recorded and new sources of CDOM and DOC in the deep waters of the Baltic Sea below the permanent pycnocline can be found. The empirical relationships observed between DOC and CDOM optical properties, and the new approach to high spatial resolution measurements of physical and optical properties in Baltic Sea water provide new tools for observing and quantifying DOC dynamics in this environment.
